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A METHOD AND APPARATUS FOR LAYOUT SYNTHESIS OF REGULAR 
STRUCTURES USING RELATIVE PLACEMENT 

BACKGROUND 
5 1. Field 

An embodiment of the present invention relates to the field of integrated 
circuit design tools and, more specifically, to a method and apparatus for layout 
y synthesis using relative placement. 

£i 10 2. Discussion of Related Art 

:: 5 i 

W Timing convergence of layouts with a given area constraint is a difficult 

i\ problem for many integrated circuit designs. Current approaches may involve 
numerous time consuming iterations between circuit design, place and route, 
a and timing analysis. This process can be both slow and non-deterministic 
15 resulting in project management uncertainties. 

As a specific example, there are currently two primary approaches for 
datapath layout - purely manual and fully automatic. Where a manual layout 
approach is used, mask designers may lay out entire functional blocks by hand, 
for example. While a manual layout approach provides a high degree of control, 
20 it is very time consuming and may not be feasible for very large designs. 

Automatic placement tools, on the other hand, are capable of handling 
large designs, but their use may result In increased difficulty achieving timing 
convergence and may limit the degree of control the designer has over the 
resulting layout. This is because, In order to automate the layout process, such 
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tools are designed to make automatic judgments and assumptions based on the 
input data. In some cases, these assumptions may be incorrect or may 
othenwise not capture the intent of the designer in producing a layout. 

One reason this may occur is that conventional automatic placement tools 
5 typically only include a small number and range of user controls to provide for 
the designer to constrain the input data to achieve a desired placement result, in 
many cases, for example, the user is limited to specifying timing constraints 
indirectly as net weights or net/path constraints. In this manner, the effects of an 
adjustment to one of these constraints may be difficult to anticipate. Thus, 
10 several iterations and tweaking of these indirect constraints may be required to 
achieve timing convergence using the automated tool. Alternatively, the 
designer may instead resort to manual adjustments, which can be time 
consuming. 

Another issue may arise when there are changes in cell sizes due to, for 
15 example, engineering changes and/or process shifts. Using process shifts as a 
specific example, layout compaction is often used, but has some shortcomings. 
Straight compaction may be inefficient under tight area constraints and may not 
honor the designers' original intent during re-synthesis. For multiple generations 
of design re-use, the designers' intent may be lost completely resulting in issues 
20 ranging from performance penalties to inefficient area use. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The present invention is illustrated by way of example and not limitation in 
the figures of the accompanying drawings in which like references indicate 
similar elements, and in which: 

Figure 1 is a flow diagram showing a method of one embodiment for 
5 producing a layout using the relative placement approach of one embodiment. 

Figure 2 is a block diagram of a computer system in which the relative 
placement approach of one embodiment may be implemented. 

Figure 3 is a flow diagram showing the method of one embodiment for 
producing a layout using the relative placement approach of one embodiment. 
1 0 Figure 4 is a diagram showing exemplary relative placement constraint 

expressions and corresponding graphical Illustrations of the resulting objects. 

Figure 5 is a flow diagram showing the operation of the automatic 
placement engine of one embodiment. 

Figure 6 is a block diagram showing an approach of one embodiment for 
15 producing a revised placement using previously specified user constraints. 

Figure 7 is a block diagram showing an approach of another embodiment 
for producing a revised placement using previously specified user constraints. 

DETAILED DESCRIPTION 

20 A method and apparatus for layout synthesis of regular structures using 

relative placement is described. In the following description, particular types of 
systems, functional unit blocks, instructions, groups of objects, etc. are described 
for purposes of illustration. It will be appreciated, however, that other 
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embodiments are applicable to other types of systems, functional unit blocks, 
instructions and object groupings, for example. 

For one embodiment, as shown in Figure 1, at block 105, relative 
placement constraints indicating a relative placement of multiple integrated 

5 circuit layout objects with respect to each other are received. At least one of the 
layout objects specified in the constraints may be at a different level of hierarchy 
in the layout than at least another one of the specified layout objects. In other 
words, for one embodiment, the capability is provided to represent and handle 
relative placement constraints between physical objects and/or components at 

10 different level of logical netlist hierarchy. At block 110, the layout objects are 
placed according to the relative placement constraints. 

Using the relative placement approach of one embodiment, the intent of 
the integrated circuit designers may be more easily captured by the input data 
such that timing synthesis may be more straightforward. Further, for one 

15 embodiment, the user constraint information from an original design may be 
used in producing a layout for a design proliferation such as a process shrink. In 
this manner, the number of placement Iterations required to achieve timing 
convergence may be reduced as compared to a straight layout compaction, for 
example. Further details of this and other embodiments are provided in the 

20 description that follows. 

In the following description, relative orientation and placement 
terminology, such as the terms horizontal, vertical, left, right, top and bottom, is 
used. It will be appreciated that these terms refer to relative directions and 
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placement in a two dimensional layout with respect to a given orientation of the 
layout. For a different orientation of the layout, different relative orientation and 
placement terms may be used to describe the same objects or operations. 
Figure 2 is a block diagram of a computer system 200 in which the 

5 relative placement method and apparatus of one embodiment may be 

advantageously implemented. For this embodiment, the computer system 200 is 
a workstation computer system such as a Hewlett Packard HP 9000 Enterprise 
Server manufactured by Hewlett Packard Company of Palo Alto, California. 
Other types of workstations and/or other types of computers and/or computer 

1 0 systems are within the scope of various embodiments. 

The computer system 200 includes a processor 205 to execute 
instructions using an execution unit 210. A cache memory 215 may be coupled 
to or integrated with the processor 205 to store recently and/or frequently used 
instructions. The processor 205 is coupled to a bus 220 to communicate 

1 5 information between the processor 205 and other components in the computer 
system 200. 

Also coupled to the bus 220 are one or more input devices 225, such as a 
keyboard and/or a cursor control device, one or more output devices 230, such 
as a monitor and/or printer, one or more memories 235 (e.g. random access 
20 memory (RAM), read only memory (ROM), etc.), other peripherals 240 (e.g. 
memory controller, graphics controller, bus bridge, etc.), and one or more mass 
storage devices and/or network connectivity devices 245. 
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The mass storage device(s) and/or network connectivity devices 245 may 
include a hard disk drive, a compact disc read only memory (CD ROM) drive, an 
optical disk drive and/or a network connector to couple the computer system 200 
to one or more other computer systems or mass storage devices over a network, 
5 for example. Further, the mass storage device(s) 245 may include additional or 
alternate mass storage device(s) that are accessible by the computer system 
200 over a network (not shown). 
O A corresponding data storage medium (or media) 250 (also referred to as 

^ a computer-accessible storage medium) may be used to store instructions, data 
10 and/or one or more programs to be executed by the processor 200. For one 
embodiment, the data storage medium (or media) 250 stores information, 
fti instructions and/or programs 255-262 that are used to perform layout synthesis. 
N' For this exemplary embodiment, a relative placement engine 255 receives an 
N= integrated circuit schematic 256, a relative placement constraint file 257, other 
15 rules and constraints 258 and a cell library 259. 

Responsive to the information received, the relative placement engine 255 
produces a detailed placement 260 for the layout objects included in the selected 
cell(s) according to the relative placement constraints 257 specified for some or 
all of the objects. For some embodiments, the relative placement engine 255 
20 may be included as part of an automatic placement engine 261 that also 

includes a conventional placement engine 262. The relative placement engine 
255 and user constraint specification 257 are each described in more detail 
below. 
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For one embodiment, the other rules and constraints 258 may include, for 
example, design and/or process rules and/or design style and placement 
methodology-related constraints. Details of the design style and placement 
methodology-related constraints may be determined, at least in part, by the 
5 manner In which the wells are aligned between adjacently placed cells. 

Typically, data and control flow directions in a functional unit block (FUB) 
or other sub-unit of an integrated circuit are orthogonal to each other. Integrated 
h circuit units may be referred to herein as being standard or rotated depending on 
l^s whether the data flow direction is viewed as being North/South (vertical) or 
f ! 1 0 East/West (horizontal), respectively. Units for which the well alignment is in the 
^ data flow direction are refen-ed to herein as data-aligned units and units for 

L.J. 

m which the well alignment is in the control flow direction are referred to as control- 
P- aligned units. The corresponding design styles are referred to herein as data- 
P' aligned and control-aligned. It will be appreciated that other types of rules and 
1 5 constraints may also be included in the file 258. 

The cell library 259 is a database of cell-specific files. For one 
embodiment, these files include information such as bit pitch and number of bit 
slices for a particular leafcell. Other types of cell-specific information and/or 
information for other types of cells may also or alternatively be included. 
20 It will be appreciated by one of ordinary skill in the art that, while Figure 2 

represents the data storage media 250 as a single block, for many 
embodiments, multiple data storage media may be used to store the information 
and/or instructions 255-260 and/or some of the information and/or instructions 
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Indicated by the blocks 255-260 may be accessible to computer system 200 over 
a network (not shown). 

The method of one embodiment for performing layout synthesis using 
relative placement is described with reference to Figures 2-5. While the 
following exemplary embodiments refer to layout synthesis for a datapath, 
another type of regular structure may also benefit from various embodiments. 

In Figure 3, at block 305, a schematic of interest 256 is loaded for 
processing by the relative placement engine 255. For one embodiment, 
placement is performed for an integrated circuit device one cell at a time, where 
a cell may be substantially any sub-unit of the integrated circuit. In fact, for one 
embodiment, relative placement as described below may be specified for cell(s) 
at every level of hierarchy from full-chip to macro-cells within functional unit 
blocks. Thus, at block 305 for this embodiment, the schematic for the particular 
cell of interest, referred to herein as a topcell, may be loaded. 

At block 310, one or more cell files corresponding to cells included within 
the selected topcell, referred to herein for one embodiment as leafcells, are 
loaded from the cell library 259 and at block 315, the schematic hierarchy for the 
cell Is smashed to create a layout view for use by the placement engine 261 . For 
one embodiment, this layout view is flat. For other embodiments, the layout view 
may be in the form of a multi-level hierarchy such that multiple levels of hierarchy 
may be placed simultaneously. For one embodiment, flattening of the cell 
schematic is performed by one of the placement engines 255, 261 or 262 or 
another engine (not shown) that is coupled to the relative placement engine 255. 
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At block 320, one or more relative placement user constraint files 257 for 
the selected topcell are loaded for use by the relative placement engine 255. 
The relative placement user constraint file(s) contains user-specified constraints 
for relative placement of layout objects included within the topcell. For one 
5 embodiment, the relative placement user constraint file{s) is developed using a 
programming language that includes an extensive set of relative placement 
operators. 

a .. 

O For illustrative purposes, some characteristics of an exemplary relative 

w placement user constraint file 257 that may be used in producing a placement by 
f[ 10 the relative placement engine 255 are described below. While specific syntax 
y and operators are used as examples, one of ordinary skill in the art will 

is 

m appreciate that other syntax styles and other types of relative placement and 

related operators are within the scope of various embodiments. 
M= For one embodiment, for example, the relative placement user constraint 

15 file 257 may include both global options to be applied to processing of the entire 
topcell as well as object-specific constraints to be applied to specified layout 
objects within the topcell. Further, the user may specify both relative placement 
and absolute placement constraints, each of which may be applied to one or 
more levels of hierarchy within the layout. Additional user specifications may be 
20 included in the relative placement user constraint file 257 such as re-mapping of 
instance names and specification of other types of constraints. 

For one embodiment, global options may include any option or constraint 
to control operation of the relative placement engine 255 during automatic 
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vectorization for a particular topcelL Examples of the types of global options that 
may be specified in the relative placement user constraint file 257 or another 
constraint file include specifying a boundary and/or origin for the topcell, 
indicating whether text case sensitivity is to be preserved and/or specifying the 
5 number of bits in the datapath, the orientation of the unit (e.g. standard or 
rotated), the well alignment direction (data or control), and/or the rowsite height 
for control-aligned objects, for example. 
O Other global options or constraints that may be specified include a bit 

^1 structure to be applied to the entire cell. For one embodiment, for example, the 
10 relative placement engine 255 provides the designer with the flexibility to specify 
a bit structure with a complex recurring bitpitch pattern that may have varying 
m bitpitch and/or multiple sub-column designs within each bitpitch. 
H= While global options are globally applied, object-specific constraints are 

^ applied only to the specified objects. For one embodiment, an object may be 
15 one of three types: an instance, a vector or a group. 

As the terms are used herein, an instance is an atomic object to the 
placement engine(s) and is the basic building block for the placement. For one 
embodiment, each instance has a well-defined bounding box that is either 
estimated or pre-specified. 
20 A vector is a list of bussed or individual instances, each occupying a 

unique bit location in the datapath. Instances in control-aligned units or cells are 
aligned so their n-wells match. Instances In data-aligned designs are aligned 
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based on a parameter such as a justify parameter discussed in more detail 
below. 

A group is a collection of instances, vectors and/or other groups that are 
to be placed together. Thus, a group may be at any one of a number of levels of 
5 hierarchy. Layout hierarchy, as the term Is used herein, refers to different levels 
of granularity for the layout. For example, an instance is an atomic object as 
described above, and therefore, is at the lowest level of the layout hierarchy. A 

hex: 

O vector is a list of instances and, therefore, is at a higher level of hierarchy. A 
W group that includes that vector is at an even higher level of hierarchy and so on. 
f[ 10 For one embodiment, a group may be a hard group or a soft group. For a 

y hard group, the relative placement constraints for all the objects in the group are 
n\ well-specified. In contrast, for a soft group, relative placement constraints are 
U not specified for all objects in the group. The soft group is a simple collection of 
H groups (hard or soft), vectors and/or instances that are placed together. 

15 For one embodiment, in addition to relative placement constraints, various 

other types of properties to be used during placement can be specified for 
groups and/or vectors and processed by the relative placement engine 255. 
Some of these properties are similar or identical to properties that may be 
specified as global options. For these cases, the object-specific properties take 
20 precedence for one embodiment. Where an object-specific property is not 
specified, the corresponding global property is applied. 

Examples of object-specific properties that may be specified for one 
embodiment include span and bit structure, well alignment style, rowsite height, 
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stride, alignment guidelines, height and width or other boundary constraints, and 
rigidness. Other qualifying properties that may be specified with respect to 
specific objects include whether the object is to be flipped, folded, or split. 

Span refers to the number of bits in the respective vector or group. A bit 
5 structure different from the globally-specified bit structure may be specified for 
individual vectors and/or groups. For one embodiment, for groups, the bit 
structure may be inferred as a result of the operation performed to form the 
group as described in more detail below. For example, if two vectors with 
different bit pitch values are concatenated, a longer, multi-bit pitch group is 
10 generated. 

The well alignment object-specific property is similar to the well alignment 
global property discussed above and is either data-aligned or control-aligned for 
one embodiment. In this manner, specific groups or vectors may have a 
different alignment style than the globally-specified style, 

15 Row site height for one embodiment is used only for control-aligned 

objects and ignored for data-aligned objects. For control-aligned groups, each 
group has a list of row sites and row site information is stored as part of the 
group. For soft groups, the row site height may be specified as a user constraint. 
For other groups, however, row site height information may be generated as a 

20 result of relative placement operations and the specific vectors and groups that 
are being operated on. 

The stride indicates the frequency of instances across bit positions. For 
one embodiment, the default stride is 1 such that an instance is placed at each 
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bit position in the cell being operated on. Other strides may be specified for 
certain vectors and groups that may have another uniform stride. For example, 
for a stride of two, every other bit position is empty. 

A justify property may be used to specify a desired alignment for objects 
5 that are placed in order in the horizontal or vertical direction, for example. For 
one embodiment, for objects placed in the horizontal direction, the default is to 
align the bottom edges of (bottom justify) the objects. Other options that may be 
specified for horizontally ordered objects include top, center and net-name 
justification. Objects ordered vertically are placed such that they are left justified 

1 0 by default, i.e. their leftmost edges are aligned. Other options for vertically 
ordered objects include right, center and net-name justification. 

For this embodiment, when a net-name is specified for justification, the 
objects in the related vector or group are placed such that the pins on the 
various objects related to the specified net are all aligned on a straight line. This 

15 option is useful, for example, for data-aligned units where instances in a vector 
can be aligned based on a control net. For one embodiment, particularly for 
control-aligned units, however, the well alignment property takes priority over the 
justify property. 

The height and width or other boundary property may be used, for 
20 example, to define a bounding box for a soft group. For this example, all objects 
in a soft group are then placed within the defined bounding box. 

The rigidness property may be used identify particular objects to be non- 
rigid. For one embodiment, the relative placement engine 255 creates a cell 
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placement in a constructive manner using a top down descent and bottom up 
constructive ascend. By default, all vectors are rigid and all groups are created 
rigid unless otherwise specified, i.e. the relative placement relationships of their 
contents are considered to be relatively fixed while constructing their respective 
5 parent object. 

Additionally, for one embodiment, an object may be flipped around a 
specified axis by a specified amount to create a rotated object or a mirror image 
of the object. Further, where there are space constraints, it may be desirable to 
fold the object into two or more vectors of similar length across multiple rows or 

10 split the object across multiple columns or bit positions. 

To specify the relative placement of objects and/or to form groups and/or 
vectors, relative placement operators are used for one embodiment. Examples 
of such relative placement operators may include horizontal step, vertical step, 
horizontal abut, vertical abut, interleave and merge operators each of which is 

15 described in more detail below. For one embodiment, horizontal step, vertical 
step, horizontal abut and vertical abut operators operate on a list of instances, 
vectors and/or groups while Interleave and merge operators operate on a list of 
groups and/or vectors. By default, a list of objects in the input list associated 
with these operators may be considered to be ordered. Optionally, for one 

20 embodiment, an order parameter may be set false to identify a list of inputs to 
which no order significance is attached. 

Also for one embodiment, all of these operators return a new group as a 
result of the specified operation. A newly formed group that is formed in this 
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manner is by default a hard group because the related operation generates a 
relative placement of the objects in the input list. Further, as mentioned above, 
for one embodiment, the new group may be rigid by default, but may be explicitly 
identified as being non-rigid where desired. 

The horizontal and vertical abut operators cause the relative placement 
engine 255 to stack a list of objects either horizontally or vertically, respectively. 
If the list is an ordered list, adjacent objects in the list are placed abutting each 
other. For one embodiment, a horizontal abut operation causes the newly 
formed object to grow from left to right while the vertical abut operation causes 
the object to grow from bottom to top. Different default constructions may be 
used for other embodiments. 

Where the input list of objects is unordered, the relative placement engine 
255 determines the best order in which to place the objects. Further, for one 
embodiment, the horizontal and vertical step operations also support a skip 
specification that indicates a displacement In terms of microns or other units of 
measurement. Where the input list of objects is unordered, the abut operators 
may ignore all skip specifications for some embodiments. 

The horizontal and vertical step operators of one embodiment, or a step 
operator without a specified direction, define a relative placement for the input 
list of objects along the control flow direction according to the specified bit 
structure. Along the control direction, the step operator takes a list of input 
objects and stacks them with each object starting at a unique bit position. For 
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this operation, for one embodiment, multiple objects are prevented from 
spanning the same bit position. 

For one embodiment, the step operators may support a stride and/or a 
skip specification. A stride specification indicates a certain number of bit 
5 positions to be skipped between every object in the input list. A skip 

specification indicates a number of bits to be skipped between two objects. 

Similar to the abut operators described above, the input list for a step 
operator may be either ordered or unordered. Where the input list is unordered, 
^; the relative placement engine 255 may determine the order of the placement. 
F; 10 The relative placement engine 255 of one embodiment is designed such 

that each of the step and abut operators works with the bounding boxes of the 
f|i input list. In this manner, the rigidness of any object in the input list is preserved 
M= during these operations regardless of whether the object(s) are specified as 
N being rigid or non-rigid. Further, the bounding boxes of abutted or stepped 
15 objects for this embodiment do not intersect. 

The bit structure of a group formed as a result of step and/or abut 
operations depends on the characteristics of the operands. For one 
embodiment, for example, if the data flow direction is vertical, horizontal abut 
operations result in a group with NULL bit structure even if all operands have 
20 valid bit structures. For the same example, vertical abut operations result in a 
group with NULL bit structure if all input objects do not have identical bit 
structures. If all operands have the same bit structure, then that bit structure is 
the bit structure of the parent object. Also for this example, a step operation 
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results in a group with a NULL bit structure if one or more of the child objects has 
a null bit structure. If, however, all child objects have valid bit structures, then 
the resulting parent's bit structure is a concatenation of the child bit structures 
depending on the order in which the child objects are placed. 

The interleave operator of one embodiment takes a list of vectors and 
groups as input and returns a new interleaved group with a span that is the sum 
of the spans of the Input operands. An example of an interleave operation and a 
graphical illustration of a corresponding result are shown in Figure 4 referenced 
below. For one embodiment, like the step operation, the relative placement 
engine 255 performs the interleave operation along the control flow direction. 

For one embodiment, all input operands for an interleave operation must 
have a valid bit structure. The bit structure of the resulting group is then equal to 
the interleaved bit structure of the input operands. Further, the interleave 
operation of one embodiment assumes an ordered list of input operands. 

The merge operator of one embodiment causes a bit wise merge of the 
contents of a list of vectors and/or groups. The new group that results from the 
merge is such that each bit location of the resultant group includes the collection 
of Instances belonging to the respective bit location in each of the merged 
objects. The span of the resulting group is equal to the span of the object having 
the largest span of those being merged. 

The merge operation of one embodiment can be performed on both 
ordered and unordered Input operands with the relative placement engine 255 
determining the order for unordered operands. For one embodiment, before 
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performing a merge operation, the placement engine 255 expands any non-rigid 
input objects in the list of input operands to their rigid components. For an 
ordered merge, a simple packing of listed objects is then performed by the 
relative placement engine 255 to place the objects. 
5 For one embodiment, the merge operation requires that the bit structures 

of the objects to be merged are compatible, i.e. the bit structures for 
corresponding bits of each of the objects, if they exist, are identical. The bit 
structure of the resulting group is the bit structure of the input object with the 
largest span. 

1 0 For purposes of illustration, Figure 4 provides exemplary specifications of 

relative placement constraints including some of the operators described. To the 
right of each of these expressions is a graphical representation of a 
corresponding result of the specified operation as performed by the relative 
placement engine 255 of one embodiment. For the example of Figure 4, a 

1 5 standard unit (in terms of orientation) is shown. A 90 degree rotation of this 
figure essentially illustrates the effects of similar operations on a rotated unit. 

The relative placement operations shown in Figure 4 are specified using 
an exemplary syntax. It will be appreciated that other approaches to specifying 
relative placement operators that perform functions similar to those described 

20 above or similar to other relative placement operators that may be contemplated 
are within the scope of various embodiments. 

Expression (1) shows an exemplary definition of a vector V1 that includes 
the instances a[0:9]. Expression (2) shows an exemplary definition of a vector 
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V2 with a stride of 2 that Includes the instances b[0:4]. Expression (3) is an 
exemplary definition of a vector V3 that includes instances c[0], c[5], and c[6:8] 
and every other element of d[0:3], i.e. d[0] and d[2]. 

With continuing reference to Figure 4, expression (4) shows an 
5 exemplary definition of a vector V4 for which the first two bit positions are 
skipped and then the elements j[0:1] are included. Expression (5) is an 
exemplary definition of a vector V5 for which the relative placement of the 
B specified objects is defined along the control direction using the "step" operator 
^ and for which the elements of the vectors V3 and V4 are interleaved and the 
^; 10 element i(0) is added. 

^ Expression (6) is an exemplary definition of a vector V6 for which the 

m vectors V1 and V2 are merged. Expression (7) shows an exemplary definition of 

s 5s- 

E- a vector for which the merged elements of a vector including instances x[0:4] and 
N y[0:4] are interleaved with a vector including Tall[0:4]. For this example, Tall 
1 5 refers to the fact that the elements extend over multiple row sites. Finally, 

expression (8) shows an exemplary specification of a group hg that is formed by 
vertically abutting vector V6 with vector V7 and group zzinst along the control 
flow direction. 

Referring back to Figures 2 and 3, for some embodiments, the relative 
20 placement engine 255 may also support mechanisms to specify absolute 
placement of objects and/or to open up spaces within objects. 

Absolute placement constraints may be used, for example, to specify 
placement of objects that are child objects of a soft group. Such absolute 
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placement constraints may be specified in terms of, for example, an absolute 
offset from the origin of the parent object or a bit position offset. Other types of 
absolute placement constraints may be supported by the relative placement 
engine 255 for other embodiments. 

Spaces may be opened up within objects for the purposes of routing or for 
allocation of area for placement of another type of cell, for example. Spaces 
may be inserted into a group in several ways for one embodiment. 

For example, a horizontal channel operator may be used to open up a 
horizontal routing channel that spans the length of the associated group. The 
desired horizontal channel may be specified in terms of a y-offset from the origin 
or one corner of the group and a height in microns or other units for the channel. 

A vertical channel operator may be used to open up a vertical routing 
channel that spans the height of the associated group. The vertical channel 
operator may be used in conjunction with an x-offset from the origin or one 
corner of the group and a length of the channel in microns or other units. Other 
approaches for specifying a channel are within the scope of various 
embodiments. 

An open bit operator may be used on groups that have a valid bit structure 
for one embodiment to open up a certain number of bit locations. The open bit 
locations may be specified using a start bit and a number of bits to be opened, 
for example. 
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An open space operator may be used to open a rectangular or other 
space anywhere within the associated group. For one embodiment, the open 
space may be specified in terms of its vertices, for example. 

An open keep out region operator that is similar to the open space 
5 operator may also be used. For some embodiments, the open keep out region 
operator may be used to differentiate between a space that may be used for 
other types of cells (open space) and a space that may not be used by any cells 
Q (open keep out region). 

W For one embodiment, the above and/or other space insertion operations 

pi 10 may be performed as a post-processing action after other relative placement 
y operations are performed and resulting groups are generated. For this 

embodiment, legalization and bit structures are updated automatically after the 
u requested spaces are inserted. Any objects that were originally in the region in 
M which a space is created are pushed outside the space by the relative placement 
15 engine 255. 

Other types of constraints that may be processed by the relative 
placement engine 255 include, for example, vector indexing constraints, vector 
and/or pin exclusion constraints, and/or net length and/or weight constraints. 
Vector indexing constraints may be used to specify the index to be used 
20 during automatic vectorization for multiply indexed instance names. Vector 

and/or pin exclusion constraints may be used to specify a list of instances or pins 
to ignore during automatic vectorization. This may be useful because designs 
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may often include instances that look like vectors to an autonnatic placement 
engine based on their names, for example, but that are not really vectors. 

Net length and/or weight constraints may be used to specify a maximum 
length in microns or other units and/or additional weights or priorities for certain 
5 nets. These net length and/or weight constraints may be used to indicate to the 
relative placement engine 255 to pull the instances connecting timing critical nets 
closer together, for example. 

While exemplary global options, object specifications, object types, group 
operators, absolute constraints and other types of specifications and constraints 

1 0 are described above, it will be appreciated that the relative placement engine 
255 of various embodiments may support different types of specifications, object 
types, operators and/or constraints not described above or may not support all of 
the specifications, object types, operators and/or constraints described. 

Referring back to Figure 3, at block 325, the relative placement engine 

15 255 automatically vectorizes the cell(s) smashed at block 315 in accordance with 
the constraints specified in the relative placement constraint file 257. For one 
embodiment, the relative placement engine 255 identifies the topcell of interest 
as a top level object and all other objects are considered to be descendents of 
the topcell. Thus, every object with the exception of the topcell object, has a 

20 parent group or object. For one embodiment, referring to Figure 5, at block 505, 
the relative placement engine 255 first places instances, groups and/or vectors 
specified in the relative placement user constraint file 257 according to the user- 
specified constraints. Then, at block 510, it is determined whether there are any 
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remaining instances that have not been processed. If so, then at block 515, 
these instances are considered to be part of the topcetl object, which is then 
considered to be a soft group, and the relative placement engine proceeds to 
automatically place the remaining instances according to standard automatic 
5 placement procedures of a conventional automatic placement engine. 

For one embodiment, because the user can specify relative placement 
constraints for some or all of the instances to be placed, the relative placement 
user constraint file 257 can either complement the automatic placement rules 
and judgments of a conventional automatic placement engine or completely 

1 0 replace them. For example, a designer may choose to specify relative 
placement constraints only for instances in the critical path and allow the 
conventional placement engine to automatically place remaining instances. 
Thus, the layout synthesis approach of one embodiment provides the designer 
with the flexibility to determine the desired level of control over the placement. 

15 Referring back to Figure 3, at block 330, a detailed placement is 

provided. At block 335, it is determined whether modifications to the placement 
are needed. If so, then at block 340, the relative placement user constraint file 
257 may be modified and re-loaded at block 320. Once the detailed placement 
is acceptable, then at block 345, other design-related processes such as, for 

20 example, global routing, congestion analysis, pre-routing and/or detail routing 
may be performed. 
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For remaining topcells in the integrated circuit design, the above- 
described process may be repeated until a detailed placement has been 
produced for all topcells or other sub-units of the integrated circuit. 

In some circumstances, such as for a process shift, for example, it may be 
5 desirable to provide a new detailed placement for an existing design. Referring 
to Figure 6, for one embodiment, where the relative placement user constraint 
file 605 from the original placement is available, the same file may be used again 
to perform the detailed placement for the new design. Alternatively, where the 
original relative placement user constraint file is not available for some reason, 

10 as shown in Figure 7, a relative placement constraint extraction engine 705 may 
be used to extract relative placement constraints 71 0 from the original detailed 
placement 715 and use these constraints to provide the new detailed placement 
720. In either case, the remainder of the placement methodology may be similar 
to the approaches described above. 

15 Using these approaches, the original intent of the designers in terms of 

placement is presen/ed even through multiple design generations. This may 
help to reduce the number of placement iterations to achieve timing convergence 
on the new design. 

Thus, a method and apparatus for layout synthesis of regular structures 

20 using relative placement is described. In the foregoing specification, the 

invention has been described with reference to specific exemplary embodiments 
thereof. It will, however, be appreciated that various modifications and changes 
may be made thereto without departing from the broader spirit and scope of the 
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invention as set fortli in ttie appended claims. The specification and drawings 
are, accordingly, to be regarded in an illustrative rather than a restrictive sense. 
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